ABSTRACT Recent trends emphasize the use of kinetic analysis (GRF, COP) of human gait for prosthetic development. These analysis help in designing and performance quantification of device specifically lower limb prosthetics. Footwear used plays an important role in normal gait. The effect of footwear was a topic of biomechanics research. The paper evaluates the effect of footwear (heeled and cushioned) in normal walking of individuals. The findings are used as a design input parameters for a development of new prosthetic foot and quantification of indigenously developed electronic knee.
INTRODUCTION
The feet provide stability and balance during locomotion as well as whilst standing. The amputation of foot reduces the amputee's ability to perform normal activities such as walking. Amputations are done either by surgery, or they occur by accident or trauma to the body. Amongst the major diseases that lead to amputations is diabetes which has become a growing problem worldwide. In the severe cases of diabetic foot ulceration, an amputation of the lower limb is carried out. This grave issue of amputation which occurs by surgery or by accident can be dealt by designing a suitable foot prosthesis which can replicate the human foot in its normal gait. The basic purpose of prosthesis is to restore and/or re-establish function of the lost limb in a physically handicapped individual. Since the commercially available (reasonably priced for the Indian masses) polyurethane type prosthetic foot available in the Indian market does not replicate the exact features of a normal human foot; the basis of this research is to study kinetics associated with normal human gait in order to provide design inputs for the development of human-like foot prosthesis. The characteristic features involved in normal walking include flexion, extension, impact absorption and variable damping, depending on the interaction of foot and surface of contact. The major dynamic characteristics generated by a human foot during a gait cycle of normal walk include eversion, dorsiflexion, energy return, impact absorption and torsion about the ankle.
Since the most common use of a prosthetic foot is to perform walking activity associated with the daily routine of an amputee; this research study has restricted the physical activity of normal and fast speed walking in the normal human gait cycle. This study should be useful in evaluating prosthetic designs in order to achieve an ideal prosthetic foot design, which can replicate the functions of a sound foot.
KINETICS OF THE FOOT AND ANKLE GAIT
The gait cycle is the period of time for two steps, measured from initial contact of one foot to the next initial contact of the same foot. The gait cycle consists of two phases, stance and swing. Stance is defined as the time when the foot is in contact with the supporting surface, and swing is the time when the limb is swinging forward, out of contact with the supporting surface. The swing phase provides forward momentum of the leg. This phase aligns and prepares the foot for heel strike and ensures the swinging foot clears the floor. Stance comprises about 60% of the total gait cycle and functions to allow weight-bearing and provide stability. Five The load acting on the body during the normal and fast walk of the human gait can be best described by measuring the ground reaction forces (GRF) pushing against the foot. Research conducted on GRF during normal human locomotion has examined how these forces affect the body and how factors such as gait pattern, types of surfaces, and footwear affect GRF. Basically the GRFs show the magnitude and direction of loading directly applied to the foot and ankle structures during locomotion. Therefore the design of prosthetic foot needs to consider the magnitude of the GRF forces, in order to withstand and transmit these forces [1] .
Fig. 2: GRF of the normal gait
The vertical GRF is the force acting against the foot in the vertical direction during the stance phase of the gait. The M-shaped curve represents the VGRF with two maximum peaks as Fz1 and Fz3, and the minima peak acting during the mid-stance which is known as Fz2. The research study mainly focuses on these components of the GRF, as it has been established in the previous studies that VGRF is the most prominent force in the gait of a normal subject [2] .
The purpose of this study was to compare how VGRFs are influenced with heel shoe and sports shoe walk, in order to collect design inputs for developing a prosthetic foot. The basic idea is to design a foot which provides optimum shock absorption for a comfortable gait for the amputee. Since the primary role for an orthotic foot wear (either heel shoe or sports shoe) is to provide shock absorption, attenuation of impact force i.e. Fz 1 is a major concern for shoe and insole designers and manufacturers [3] .
Due to the rigidity of the available polyurethane type prosthetic foot, it does not allow for flexion & extension and adduction & abduction movements at ankle level [4] . Since variable damping occurs on a normal human foot surface during contact with the ground while performing normal locomotion, it is imperative to study the effect of VGRF on the foot in order to design an activity based foot.
During the course of evaluation of data we hypothesized that the force exerted with a heeled shoe is greater than sports shoe. This hypothesis is based on judging the footwear by considering the cushioning effect of the sole of the foot wear. Since sports footwear is designed for shock absorption, it was assumed that the forces associated with the sports shoe are lesser than heeled shoe.
Center of pressure (COP) is another significant tool in the analysis of human gait. It is defined as a force line that is traversed by the ground reaction force during the stance phase of the human walk. Determination of COP is also a factor that needs to be incorporated in evaluating the design input of a prosthetic foot [5, 6] .
The purpose of this study was to assess percentage asymmetry of COP in barefoot and sports-shoe walk during human locomotion.
METHOD AND MATERIALS
A total number of twenty healthy male subjects (age 23.7± 2.31 years) were informed and verbal consent participated in experiments. Subjects were instructed to walk across a walkway at two different selfselected speed of normal and fast walk. In order to avoid conscious foot placement on the force platform, a mat was placed over the force plate and were asked to walk with a comfortable self-selected speed. This technique was adopted as Zijlstra et al. (1995) found considerable differences in gait of normal subjects between natural walking and constrained walking. Therefore natural walking is suggested to be the most reliable in gait parameter analysis. Standardized sports foot-wear (model: BataPower; upper material: Nylon; sole: rubber) and heeled footwear (model: Bata; upper material: Bycast leather; sole: T.P.R) was provided to each subject for acquiring data. During the trials, readings of those trials were recorded for which the subject's complete right foot landed on the force plate. This was done in order to maintain symmetry throughout the experiment. Ground reaction force data were obtained from the 8-channel piezoelectric force platform (Kistler Instrumente AG, type 9286BA, Switzerland) embedded in the center of the walkway through the control unit (Kistler Instrumente AG, type 5691A, Switzerland) to the computer. At the beginning of the experiment, the body weight of the subject was measured using the Kistler force plate. Five sequential readings were taken for each of the gait speeds of normal and fast walk, with sports foot wear and heeled foot wear. The sports foot wear GRF data was collected with cushion and without cushion to determine the effect of cushion on VGRF. For this purpose, plastic foam with a thickness of 2.5 cm was used to provide adequate cushioning effect. In this way, data was collected for all the twenty subjects. The A-D converted VGRF data was passed through a low pass filter (50 Hz) and sampled at a sampling rate of 500 Hz. BioWare software (Version 4.0.1.2, Type 2812A-04) was used to record the acquired data and analysis were done using developed software tool on MATLAB.
For the study of asymmetry of COP, the maximum displacement of the cop was measured for both the right and left foot during self-selected speed of normal walk. Where X R and X L are parameters of the right and left limb respectively.
SI of 0% indicates perfect symmetry.
RESULTS
Out of the data analyzed for 20 male subjects, out of 20 subjects, 13 subjects adhered to our hypothesis. The recordings have been tabulated in the following tabular columns i.e. Table 1 and Table 2 . From Fig 3  and Fig 4, it can be well observed that the forces acting on the foot with a heeled shoe are greater than that of the sports shoe during the normal and fast walk. From Table 1 , Magnitude of forces of Fz1 for heel shoe and sports shoe at normal walking speed were found out to be 1.258 ± 0.089 and 1.169 ± 0.092 % body weight respectively. For the third maxima peak i.e. Fz3, the values of VGRF were evaluated to fall within the range of 1.14 ± 0.064 for normal walk with heeled shoes; whereas the force values for sports shoe walking at normal speed was found out to be 1.096 ± 0.049 % body weight. Force corresponding to mid-stance i.e. Fz2 was calculated to be 0.696 ± 0.058 and 0.739 ± 0.069 % body weight for heel and sports shoe respectively at normal walking speed. The results for fast speed walk have been tabulated in Table 2 , wherein first maxima peak i.e. Fz1 was found out to be 1.392 ± 0.108 and 1.274 ± 0.092 % body weight for heel and sports shoe respectively. Fz3 was evaluated to be 1.204 ± 0.102 and 1.153 ± 0.087 % body weight for heel shoe and sports shoe respectively. The values of force for Fz2 fell within the range of 0.535 ± 0.099 for heel shoe and 0.589 ± 0.072 for sports shoe. In Fig 5, the effect of cushioning the sole has been found out. It was observed that the sports shoe walk at normal speed with an added cushion on the sole showed lesser VGRF force when compared without cushion. Fz1 values are significantly greater for heeled shoe, than any other foot wear. While observing the cushion effect of sports shoe, (Fig 5) it was found that by inserting polyurethane foam into the shoe as an insole reduces the VGRF by 7-10%. Therefore the design of prosthetic foot should consider the cushioning effect at the heel and the fore-foot in order to prepare a comfortable prosthetic foot. Also it was observed that with increasing speed Fz2 (i.e. minimum peak) tends to decrease. The values of Fz2 indicate the normal gait of an arched-type foot. Therefore the prosthetic foot should consider the design at the mid-foot level on the basis of the forces acting on an arched foot. The Fz1 and Fz3 peaks in the M-curve represent the maxima peaks, indicating that maximum shock absorption need to be considered at these two points. COP along the Y-axis was measured on the BioWare for every subject. Cop measures were recorded for 8 subjects (5 male and 3 female subjects From the data evaluated, it has been well observed that forward travel COP i.e. A y is more in magnitude for spots shoe walk. Also symmetry improves significantly for subjects who had an increased barefoot asymmetry.
Maximum displacements were recorded for both the right and left foot. Symmetry Index was evaluated for the recorded data of left and right foot. The readings of 8 subjects are tabulated in table 4. It was found out that for the majority of subjects percentage asymmetry of COP in the case of barefoot walking was more than that in sports shoe walk.
An important point to note is that for the subjects that already had a fair amount of symmetry in the barefoot walk showed a minimal variation of SI in sports shoe walk. 
CONCLUSIONS
With the VGRF results obtained for the design input of prosthetic foot, a more human-like foot can be developed which can imitate the function of a sound human foot. As the number of amputees is growing the world over, the demand for a reasonably priced prosthetic foot is on the rise. To cater to the needs of the masses of low income countries, prosthesis for the foot needs to be developed, which can replicate the human foot in not only its shape but in its functioning also. The functioning of such a prosthetic foot needs to consider the forces acting on the forefoot as well as the mid-foot and the heel portion of the foot. By considering this variability in damping, a human like foot can be developed. July 23-28,2000 , Chicago IL. (pg. 1968 -1971 
